The U.S. Geological Survey (USGS) is committed to serve the Nation with accurate and timely scientific information that helps enhance and protect the overall quality of life, and facilitates effective management of water, biological, energy, and mineral resources. Information on the quality of the Nation's water resources is of critical interest to the USGS because it is so integrally linked to the long-term availability of water that is clean and safe for drinking and recreation and that is suitable for industry, irrigation, and habitat for fish and wildlife. Escalating population growth and increasing demands for the multiple water uses make water availability, now measured in terms of quantity and quality, even more critical to the long-term sustainability of our communities and ecosystems.
Concentrations of trace elements in sediment are given in micrograms per gram (mg/g), which is equivalent to parts per million.
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Abstract
Trace element concentrations in 48 streambed sediment samples collected at 47 sites in the Cook Inlet Basin, Alaska, were compared to concentrations from studies in the conterminous United States using identical methods and to Probable Effect Concentrations. Concentrations of arsenic, chromium, mercury, and nickel in the 0.063-mm size fraction of streambed sediments from the Cook Inlet Basin were elevated relative to reference sites in the conterminous United States. Concentrations of cadmium, lead, and zinc were highest at the most urbanized site in Anchorage and at two sites downstream from an ore body in Lake Clark National Park and Preserve. At least 35 percent of the 48 samples collected in the Cook Inlet Basin exceeded the Probable Effect Concentration for arsenic, chromium, or nickel. More than 50 percent of the samples were considered to have low potential toxicity for cadmium, lead, mercury, nickel, selenium, and zinc. A Probable Effect Concentration quotient that reflects the combined toxicity of arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc was exceeded in 44 percent of the samples from the Cook Inlet Basin. The potential toxicity was high in the Denali and Lake Clark National Parks and Preserves where organic carbon concentrations in streambed sediments were low. However, potential toxicity results should be considered in context with the very small amounts of fine-grained sediment present in the streambed sediments of the Cook Inlet Basin.
INTRODUCTION
The U.S. Geological Survey's (USGS) National Water-Quality Assessment (NAWQA) program began full-scale implementation in 1991; in the first decade of the program, studies were conducted that included parts of all 50 states. The Cook Inlet Basin Study Unit investigation began in 1997. The basin includes numerous drainages into Cook Inlet in southcentral Alaska, (fig.1 ). Analysis of streambed sediments for trace element concentrations is one aspect of the integrated assessment of water quality in the NAWQA program (Gurtz, 1994) . The Cook Inlet Basin Study Unit sampling network was designed to assess the occurrence of trace elements in the Cook Inlet Basin and to define their distribution in the parts of Denali and Lake Clark National Parks and Preserves within the basin. Sites also were sampled in Anchorage, the largest city in the basin (population about 256,000 in 2000), as part of a study of water quality along an urban gradient. This report describes the analysis of prioritypollutant trace element concentrations in streambed sediment samples collected in the Cook Inlet Basin during 1998 to 2000.
The environmental setting of the 101,800 square kilometer Cook Inlet Basin Study Unit has been described in detail by Brabets and others (1999) . Typically, lowlands in the basin are underlain predominantly by alluvial or glacial deposits, whereas uplands are more commonly underlain by metamorphic or igneous rock. Sites sampled for streambed sediments and discussed in this report were most often located in lowland settings. Many of the drainages, however, include upland areas and glaciers. Mining and processing of ore have a large potential for introducing trace elements to nearby water bodies. (Nelson, 1985) .
METHODS
Sample Collection and Analysis
Streambed sediment samples were collected from depositional areas accessible by wading in the selected stream reaches. Typically, these depositional areas were along channel margins or bar formations. The surficial 2 cm of sediment was collected from several areas and composited to form a large sample volume from which material was removed and sieved using a 0.063-mm nylon mesh (Shelton and Capel, 1994) . Sediments were digested in strong acid prior to analysis by the USGS National Water-Quality Laboratory in Lakewood, Colorado. Concentration data were reported on a dryweight basis.
Streambed sediments were collected at sites in Anchorage for determination of particle-size distribution in conjunction with a study of benthic invertebrates and fish communities. Three samples were collected from riffles at each of 12 sites by lowering a 15-cm diameter enclosure to the streambed and excavating the sample within the enclosure. This technique eliminated currents that would carry away fine-grained sediments. Streambed sediments were dried at 70°C, sieved, and weighed by size class. A geometric mean of the three samples was determined and presented for five size classes, including the less than 0.063-mm size fraction.
Data Analysis
Although concentrations of 44 elements were determined for the streambed sediment samples, only the results for 9 trace elements are discussed here. Those trace elements, arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, and zinc, are listed as priority pollutants (U.S. Environmental Protection Agency, 1994). Trace element concentrations from the Cook Inlet Basin Study Unit were not normalized for organic carbon content in the streambed sediments for comparisons with data from other NAWQA study units and the determination of background concentrations. Analysis of 541 streambed sediment samples collected during previous NAWQA studies showed that sieving the samples removed most of the background differences in the samples, making further "normalization" unnecessary (Rice, 1999) . However, for comparing data from the Cook Inlet Basin Study Unit to toxicity guidelines, data were normalized for organic carbon concentrations (dry weight) to equate to the sediment quality guidelines (SQGs) described by MacDonald and others (2000) . Organic carbon in the streambed sediments likely affects the bioavailability of trace elements such that sediments containing relatively high concentrations of organic carbon will have a lower potential toxicity than sediments with lower organic carbon concentrations and identical trace element concentrations.
Cook Inlet Basin Study Unit samples were compared with samples collected by identical methods in 46 other NAWQA study units throughout the United States between 1992 and 2000. Those comparisons were made after stratification of the NAWQA sites into the following land use groups: (1) reference (relatively undisturbed basins) and forest, (2) mining, and (3) urban, residential, and commercial. Land use categories used in this study differ from those used by Rice (1999) in a study of trace element concentrations from streambed sediment samples collected for the NAWQA program from 1992 to 1996. Our urban category also included sites classified as residential and commercial, whereas Rice's urban category did not. Comparisons between Cook Inlet Basin Study Unit samples and national NAWQA samples in the three land use categories were done using boxplots and a Wilcoxon rank-sum test. Computed p-values less than 0.05 indicated a significant difference in a given comparison.
Cumulative-frequency plots were used to determine background concentrations by locating a sharp upward break in the cumulative-frequency distribution, which would indicate an anthropogenic affect within the Cook Inlet Basin Study Unit (Velz, 1984) . For purposes of plotting, concentrations less than the minimum reporting limits for the analytical method were assigned a value of one-half the reporting limit. A smoothing function was applied to reduce noise in the data.
Concentrations of trace elements, excluding selenium, were compared to consensus-based SQGs (MacDonald and others, 2000) . Those guidelines were developed from studies that typically use bulk sediment samples rather than the fine-grained fraction sampled by the NAWQA program. The SQGs identify a Threshold Effect Concentration (TEC) below which sediment-dwelling organisms are unlikely to be adversely affected and a Probable Effect Concentration (PEC) above which toxicity is likely (MacDonald and others, 2000) . These values were determined by matching sediment chemistry and toxicity data from field studies. MacDonald and others (2000) did not determine a PEC for selenium. For that element, Van Derveer and Canton (1997) suggested a no effect level of 2.5 µg/g (10 th percentile of effects) and a toxicity level of 4 µg/g (100 th percentile of effects).
Guideline concentrations from MacDonald and others (2000) and Van Derveer and Canton (1997) used in this report are shown in table 1. Additionally, the toxicity of the combined trace element concentrations was assessed by the method of MacDonald and others (2000) . They found that when the sum of normalized concentrations was divided by the number of constituents used in the calculation, a resulting value of 0.5 was a threshold that defined toxicity. Sediments with mean PEC quotients of less than 0.5 accurately predicted the absence of toxicity in 83 percent of the samples they examined. Mean PEC quotients greater than 0.5 accurately predicted toxicity in 85 percent of the samples. However, their mean PEC quotients included organic contaminants as well as trace elements. Our calculation of mean PEC quotient was done for the priority-pollutant trace elements, excluding selenium. 
RESULTS
Relatively high trace element concentrations occurred at highly urbanized sites, in the Denali area, and at sites downstream of an ore body in Lake Clark National Park and Preserve (table 2) . Low concentrations were found in Hidden Creek, in the Talkeetna and Kamishak Rivers, and at sites in Anchorage with low population density.
Cook Inlet Basin Study Unit concentration data were compared to concentrations in samples collected during other NAWQA studies at sites in specific land use categories with varying results ( fig. 2, table 3 ). Mercury and nickel concentrations were statistically similar to those in other NAWQA samples from sites downstream from urban and mining areas. Arsenic concentrations were statistically similar to concentrations from sites in areas with a mining-dominated land use, whereas chromium concentrations were similar to those at sites in urban areas. Zinc concentrations were statistically similar to concentration at sites representing reference, or background conditions. Samples from Cook Inlet Basin Study Unit sites were similar to those in other NAWQA studies for all land use categories with respect to selenium concentrations and were statistically different with respect to cadmium, copper, and lead concentrations. Background levels could be determined from cumulative-frequency plots for cadmium (0.40 µg/g), lead (21 µg/g), and zinc (190 µg/g; fig. 3 ). Arsenic (range 1.7-88 µg/g), chromium (range 3-220 µg/g), copper (range 3-92 µg/g), nickel (range < 2-130 µg/g), and selenium (range < 0.1-5.8 µg/g) concentrations did not have a distinct break point indicative of an anthropogenic effect ( fig. 3) . Cadmium (range < 0.1-4.6 µg/g), lead (range < 1-230 µg/g), and zinc (range 16-1,800 µg/g) concentrations were higher than the background level for the Cook Inlet Basin Study Unit at sites in the most urbanized basin ( fig. 1, table 2 , sites 27 and 67), downstream from an ore body (sites 116 and 117), or downstream from an old coal mine (site 95).
The potential toxicity of individual prioritypollutant trace elements from the less than 0.063-mm size fraction of streambed sediments was low in at least 50 percent of the samples for cadmium, lead, mercury, nickel, selenium, and zinc (table 2). High potential toxicity was determined in at least 35 percent of the samples for arsenic, chromium, and nickel. Cadmium, lead, and selenium had high potential toxicity in a very low percentage of samples. The mean PEC quotient, which reflects the combined toxicity of trace elements in the streambed sediment (excluding selenium) indicated that 56 percent of the samples would be classified as not toxic, and 44 percent of the samples would be classified as toxic.
Particle-size analysis of streambed sediment samples collected from riffles at sites in Anchorage, except for Ship Creek (sites 29 and 68), showed that the less than 0.063-mm size fraction composed less than 0.01 to only 16 percent of the material by weight for all samples (not shown); the geometric mean of samples collected at individual sites was typically less than 0.01 percent (table 4). Although particlesize analyses were done for only a few sites, the relative magnitude of the percent of fine-grained sediment in riffles at other sites can be inferred from these data. 
DISCUSSION
Priority-Pollutant Trace Element Concentrations
Trace element concentrations can be elevated in streambed sediments as a result of anthropogenic activities, such as mining or industrial/urban development, or as a result of natural geologic factors. Data from previous NAWQA studies have shown that median concentrations of chromium, copper, lead, nickel, and zinc were higher at sites downstream of urban areas than at nonurban sites (Rice, 1999) . However, Rice (1999) combined many land use categories into a nonurban group. Our comparison of urban and mining sites sampled in the NAWQA program showed that chromium, copper, lead, mercury, and zinc had higher median concentrations at urban sites. A gradient of urbanization in Anchorage (sites 23, 27, 29, 59-69) sampled during this study included basins with population density less than 100 persons/km 2 (sites 23, 59, 62-63, 66) as well as basins with over 500 persons/km 2 (sites 27, 65, 67). Concentrations of cadmium, lead, and zinc increased markedly at the most highly urbanized sites (sites 27 and 67).
Two samples collected at Chester Creek at Arctic Boulevard (site 27) had two of the three highest concentrations from sites sampled in Anchorage for seven of the nine priority-pollutant trace elements. Additionally, antimony, iron, manganese, silver, and tin were higher at Chester Creek at Arctic Boulevard than at other sites in Anchorage (U.S. Geological Survey, 2000) . Sites in Anchorage had low arsenic concentrations relative to other parts of the Cook Inlet Basin. However, the arsenic concentration was 23 and 26 µg/g in 1998 and 1999, respectively, at Chester Creek at Arctic Boulevard (site 27). That site was the most urbanized site, in terms of population and road densities, sampled in Anchorage. The second most urbanized site, South Branch of South Fork Chester Creek at Boniface Parkway (site 67), had an arsenic concentration of 15 µg/g. All other sites in Anchorage had arsenic concentrations of 10 µg/g or less. Cadmium, lead, and zinc concentrations at the two downstream Chester Creek sites were much greater than at other Anchorage sites, but were lower than concentrations at two sites near an ore body in the Johnson River Basin (sites 116 and 117).
The elevated lead and zinc concentrations in the Chester Creek Basin were consistent with results from similar locations sampled in the 1980s (Brabets, 1987) . Lead and zinc often are associated with urbanized areas and were elevated at many urban sites sampled in the NAWQA program (Callender and Rice, 2000; Kroening and others, 2000) .
Although large-scale precious metal mining does not exist presently in the Cook Inlet Basin, small exploratory claims are abundant. Most claims are for gold mines, but a variety of mineral deposits are present, and arsenopyrite occurs widely. Arsenic concentrations in Cook Inlet Basin Study Unit streambed sediments tended to be higher than for the areas sampled for the NAWQA program in the conterminous United States. However, naturally high concentrations are not unprecedented. In the Upper Colorado River Basin NAWQA Study Unit, unmined sites had arsenic concentrations as high as 62 µg/g, whereas mined sites had arsenic concentrations as high as 180 µg/g (Deacon and Driver, 1999) . Basins sampled in the Denali area contain bedrock formations of basalt, argillite, and chert that contain numerous metal deposits (National Park Service, 1983) . Many abandoned exploratory mines exist in the southern part of the Denali area, and arsenopyrite is commonly associated with those mines.
Cadmium, copper, lead, and zinc concentrations were elevated at two sites (sites 116 and 117) downstream of an ore body and at two urban sites (sites 27 and 67). Those trace elements often are elevated in mining areas (Heiny and Tate, 1997; Deacon and Driver, 1999) and in urban runoff (Rice, 1999; Callender and Rice, 2000) . Although most sites sampled in the Cook Inlet Basin are in essentially undeveloped areas, mercury and nickel concentrations were statistically similar to those in samples from urban and mining-dominated basins in other NAWQA study units. Additionally, arsenic concentrations from the basin were similar to those from miningdominated sites in other NAWQA studies, and chromium concentrations were similar to those at urban-dominated NAWQA sites. However, arsenic, chromium, mercury, and nickel concentrations from the Cook Inlet Basin did not show a break in the cumulative frequency plots that would indicate an anthropogenic effect. Mercury concentrations in Anchorage generally were larger than those measured in a study of mercury associated with mining activities in the Sacramento River Basin that used methods similar to those used in this study (Domagalski, 1998) . Sources of mercury in the Anchorage area are unknown, but may be a combination of natural geologic and atmospheric sources.
Chromium and nickel concentrations in the Cook Inlet Basin were highest from sites in the Denali area and from the most urbanized site (site 27) in Anchorage. Chromium and nickel concentrations in streambed sediments in the Denali area may be indicative of the metamorphic and igneous bedrock in that area (Silberling and others, 1994) . In contrast, relatively low concentrations of chromium and nickel in the Johnson River Basin likely are indicative of the sample location's proximity to the Alaska-Aleutian Range Batholith, which contains little chromium and nickel (Waythomas and others, 2000) .
Potential Toxicity
Given that NAWQA methods specify a 0.063-mm size fraction and strong acid digestion, any implied toxicity concerns from these data should be considered in that context: Larger-grained sediments likely contain lower trace element concentrations than the 0.063-mm fraction (Horowitz, 1991) , whereas strong acid digestion may result in an overestimation of bioavailability. However, a direct comparison to the PEC guidelines developed by MacDonald and others (2000) showed an exceedance of the PEC in at least 35 percent of the samples from the Cook Inlet Basin with respect to arsenic, chromium, and nickel. Low toxicity, as indicated by the TEC guidelines, was exceeded by more than 50 percent of the samples from the basin for arsenic, chromium, copper, and zinc. The success of the SQGs in predicting toxicity was tested by MacDonald and others (2000) . They found that except for mercury, the TEC and PEC concentrations were successful in differentiating between low and high occurrences of toxicity. Mercury showed incidences of toxicity in nearly 66 percent of samples with concentrations below the TEC, 70 percent of samples with concentrations between the TEC and PEC, and 100 percent of samples with concentrations higher than the PEC (MacDonald and others, 2000) .
Potential toxicity for sediment-dwelling organisms exists in some areas of the Cook Inlet Basin study, particularly in the areas of Denali and Lake Clark National Parks and Preserves. The relatively low amounts of organic carbon in the streambed sediments from those areas increased the potential toxicity. For example, concentrations of all of the priority-pollutant trace elements were relatively low at Snowslide Creek (site 103) in the Denali area, yet the toxicity potential at that site was considered high for chromium, copper, lead, nickel, and zinc because the organic carbon concentrations was just 0.07 percent. In Anchorage, Chester Creek at Arctic Boulevard (site 27) had concentrations of cadmium, lead, and zinc that were elevated above a background level for the Cook Inlet Basin Study Unit and were higher than most sites in the Denali and Lake Clark areas, yet because the organic carbon concentration was about 6 percent the toxicity potential was low.
Streambed sediment data collected in the Cook Inlet Basin during 1998 and included in this report (sites 7, 16, 23, 27, 41, 44, 50-55, and 57-58) were also discussed by Frenzel (2000) . In that report, the trace element concentrations were compared to guidelines for bulk sediment (Canadian Council of Ministers of the Environment, 1999) and were not normalized for organic carbon. Frenzel (2000) found that the Canadian guidelines were exceeded in 57 percent of the streambed sediment samples for arsenic, 43 percent of the samples for chromium, and 7 percent of the samples for zinc. None of the samples exceeded the Canadian guidelines for the other six priority-pollutant trace elements.
The mean PEC quotient was effective in defining overall sediment toxicity in more than 170 samples examined by MacDonald and others (2000) . When applied to streambed sediments in the Cook Inlet Basin Study Unit, 44 percent of the samples would be classified as toxic. Therefore, concerns of potential toxicity to salmonid eggs and fry could exist where fine-grained sediments are abundant and trace element concentrations exceed PECs. Erosional areas of the streambed, such as riffles, where salmonid eggs typically are deposited and incubated, contained little of the finest-grained sediments-less than 0.01 percent of the sediment matrix was finer than 0.063 mm.
However, fine-grained sediments are more abundant in depositional areas such as pools and sloughs, which are preferred rearing habitat for many salmonid fry.
Because of the minute amount of fine-grained sediments in riffles, toxicity of trace elements in streambed sediments likely is low for salmonid eggs, despite concentrations that may exceed the PEC. However, since finer-grained sediments are more abundant in pools and sloughs, they may present greater toxicity for salmonid fry rearing in those areas. No concomitant biological data were collected to verify whether toxicity actually exists where a high potential toxicity is indicated.
SUMMARY
Concentrations of arsenic, chromium, mercury, and nickel in streambed sediments of the Cook Inlet Basin National Water-Quality Assessment (NAWQA) Study Unit were greater than concentrations in samples from reference areas sampled for the U.S. Geological Survey's NAWQA program in the conterminous United States. Chromium and nickel concentrations were highest in the Denali area, while mercury concentrations were highest in the Lake Clark National Park and Preserve and in the Municipality of Anchorage. Arsenic concentrations were high in both Denali area and Lake Clark National Park Preserve. Concentrations of cadmium, lead, and zinc were highest at the most urbanized site in Anchorage and at two sites downstream from an ore body in Lake Clark National Park and Preserve.
At least 35 percent of the 48 samples collected in the Cook Inlet Basin Study Unit had high potential toxicity for arsenic, chromium, or nickel. The potential toxicity was high in the Denali area and Lake Clark National Park and Preserve, where organic carbon concentrations in streambed sediments were low. Potential toxicity results should be considered in context with the very small amounts of fine-grained sediment present in the streambed sediments of the Cook Inlet Basin. To more accurately assess the toxicity of trace elements in the streambed sediments, measures of the aquatic communities are needed.
